Introduction
Target identification experiments typically have considered various environmental parameters that affect human operator performance. Some of these physical determinants of target identification include: target size, shape, target/background contrast, spatial location, orientation, edge gradient, contour complexity, and illumination level. Subject responses ordinarily are grouped together to obtain "treatment effects" of various conditions imposed, with subject differences considered to be sources of error. However, individual differences may contribute to' differences observed in target identification performance. Since target identification is a critical initial task in the operation of many weapon systems, identification of predictors of superior target identification skills (and the selection of individuals with these skills) could enhance target acquisition effectiveness both directly and indirectly.
For instance, earlier target identification of high threat combat vehicles could enable soldiers manning antitank weapons to exploit greater standoff ranges and thereby enhance their survival. Increased accuracy of threat vehicle identification could reduce the incidence of inadvertent fratricide and thereby increase force effectiveness during close combat. Establishing valid predictors of successful target identification could result in reduced training time and enhanced user-weapon integration. These data should contribute directly to soldier system integration initiatives (e.g. MANPRINT), where an understanding of operator capability is deemed essential to maximizing the effectiveness of all such systems (U.S. Army Regulation 602-2).
Working toward this goal, the approach with the Target Identification Predictor Study (TIPS) was to build a partial selection model from an array of visual, cognitive, and training variables which have previously demonstrated promising results with respect to field target acquisition and/or identification.
The National Research Council' s Committee on Vision has endorsed the idea of using visual function tests to identify military personnel with superior skills in target acquisition (Committee on Vision -National Research Council, 1985). However, in terms of target acquisition performance, the predictive capabilities of the visual variables remain an equivocal (or in some cases, an unexplored) issue. Grossman & Whitehurst (1976 , 1979 examined the effects of visual acuity. on the acquisition of scale-model, terrain board tank targets, but could not predict success using a hit/miss performance criterion. Ginsburg (1980, 198 1) has argued that individual visual performance is best characterized using the contrast sensitivity function and has demonstrated that correlations between measures of contrast sensitivity and visual acuity are generally low. More importantly, from the perspective of the present study, he found that the different contrast sensitivity levels shown by aviators (a group of individuals with normal and narrowly distributed acuities) may provide a singular capability for predicting individual target acquisition performance in both the laboratory and the field (Ginsburg et As noted above, attempts to discern individual-based predictors of antitank gunnery performance and certify their validity have been only marginally successful. Due to the propensity of workers to focus their attention on limited aspects of performance, namely tracking and aiming, reliable predictors of the preceding target acquisition behaviors remain unexplored, and the few factors that have been demonstrated to predict accuracy in tracking and aiming remain unimplemented. As a result of the Army' s inability to realize an adequate anti-armor personnel selection program, Chitwood (1985) advised the Army as late as 1985 to reduce the annual TOW gunnery attrition rate and decrease training dollar losses by developing and implementing an objectively-based antitank gunner selection model. Such selection models have been used in the past to buffer imposed manpower and materiel resource constraints, reduce training time and costs, increase training proficiency, and improve the chances for training success by "improving the quality of personnel selected" for specific training programs. Accordingly, tactical planners have placed great emphasis on the recognition-identification components of the target acquisition performance matrix. In accordance with past attempts to identify effective predictors of target identification performance, TIPS was designed to provide initial criteria and a potential methodological approach for selecting personnel for antitank gunnery*
Methods

Subjects
Junior enlisted soldiers (272 males), recent graduates of Infantry One Station Unit Training at Fort Benning, Georgia, served as volunteer subjects, and signed voluntary informed consent forms prior to their participation. They were encouraged to ask questions and were permitted to withdraw from the study without prejudice or penalty. All soldiers had been awarded the 11B military occupational specialty --Infantry Rifleman (i.e., the potential pool of antitank gunner eligibles). Soldiers with additional skill identifiers showing that they had received additional or specialized target identification training were excluded from participation. Volunteers were recruited and tested in groups from 30 to 50 soldiers per week. 
Test materials and instrumentation
Cognitive tests
The volunteers received several paper-and-pencil tests of cognitive function. Whenever possible, the tests were selected based on published reports suggesting a possible relationship between a specific cognitive skill and some aspect(s) of target identification performance. Because such data were limited, selection was based also upon estimates of the relationship between a particular factor as measured by the test, and target identification performance. In some cases, an individual factor was represented by more than one single test. The decision to include additional tests for a particular cognitive skill was based primarily upon (1) disagreement in the literature as to the degree of common factor loading among the tests; and (2) an inferred correspondence between the tasks presented in the cognitive test and those required in the field. The specific tests, cognitive factors, and measured cognitive abilities are shown in table 2. 
Except for the Croup Embedded
Procedures
Testing was conducted over 5 to 7 days in four sequential phases: (1) vision testing, (2) cognitive testing, (3) CVI classroom instruction, and (4) field testing. Prior to participation, volunteers were thoroughly briefed on the testing procedures, and ametropes were instructed to wear their spectacle correction during testing. In addition, subjects' medical records were available for inspection.
On the first test day, volunteers were divided into two groups in the morning, one group each for visual functions or cognitive testing. In the afternoon, they were given a block of classroom CVI instruction. On the second day, the previous morning assignments were reversed. On the second afternoon, subjects were given additional training in combat vehicle identification. At the end of the day, the soldiers were taken to the test site and familiarized with the area and actual test vehicles.
Field testing began on the third day and continued for 2 to 3 days, subject to weather conditions and subject availability. Volunteers were briefed on the nature of the required task and data recording procedures, and were then formed into four to five 8-10 man squads for target identification testing.
A 50 point (5 columns x 10 rows) target location matrix was established and target positions were marked on the field. Horizontally, targets were in one of five columns, each column separated by 25m. In depth, the 10 target points ranged from 400 to 1300m in intervals of 1 OOm. Three to five targets were presented on any given trial, with both target type and target location presented randomly and exhaustively until each target was presented once at each range. Each subject thus viewed a total of 90 targets (9 targets at 10 ranges) over a total of 25 trials. All targets were presented in an oblique orientation; i.e., with the long axis of the target vehicle at an angle of 45 degrees drawn to an imaginary perpendicular line bisecting the center of the observation line. 
Results
The major objective of TIPS was to determine those visual, cognitive, training, and ASVAB factors that may optimally predict the performance of target identification in the field. Any predictor variables so isolated may then be implemented in developing a strategy or a selection model for selecting candidates for tasks and jobs requiring high proficiency in target identification. The criterion variable in this study was the number of correct identifications made during the field trials.
All variables first were examined for accuracy of data entry, missing values, and fit between their distributions and the assumptions of multivariate analysis using STATISTICA 5.1' (Statsoft, 1996) . Data from the first week (n = 49) were not used because several target vehicles could not be transported to the test site on time. Fifteen cases lacked entire subsections of data (e.g., no cognitive data, no target ID scores, etc.). These cases were deleted and the remaining 208 cases were retained for the analyses. The remaining missing values (co.1 percent) were scattered randomly through the data matrix and were omitted pair-wise during each analysis, where required. To improve pairwise linearity and residuals and to reduce extreme kurtosis and/or positive skewness, data distributions that did not meet the assumption of normality were transformed where applicable.
The main analyses employed were multiple regression analysis and discriminant analysis. To keep the ratio between cases and predictor variables at 20: 1, each of the predictor domains (visual tests, cognitive tests, CVI training, and ASVAB scores) was analyzed separately using a backward stepwise multiple regression procedure. The backward procedure, when used as an exploratory technique for model-building, is useful in eliminating superfluous variables to tighten up further analyses. When applied to the cognitive tests, only the Group Embedded Figures Test (GEFT) contributed significantly to prediction of number of vehicles identified correctly. Likewise, analysis of CVI training revealed that the inverse of the pretest (l/pretest) and the reflected square root of the posttest were significant predictors of target identification performance. The ASVAB service composite scores revealed only the square root transformation of FA scores to be a significant predictor.
In contrast, the data for the vision tests were "singular and ill conditioned" due to high multicollinearity and could not be analyzed as entered. Upon further inspection of the intercorrelation matrix, it seemed that a factor analysis might reveal the functional unity among the vision variables (i.e., whether variables with high intercorrelations could be combined along a single dimension and treated as an independent factor). Principal factors extraction with varimax rotation was performed on the data, and 4 orthogonal factors were extracted from the 25 variables; visual acuity, depth perception, color vision, and contrast sensitivity. However, the resulting factor scores, when regressed, did not significantly predict target identification performance. We believe this lack of predictive ability reflects the narrow distribution of visual data -nearly all of the volunteers satisfied the E-l visual medical fitness (PULHES) requirement -a standard based primarily on visual acuity (Walsh & Levine, 1987) . Consequently, attempts to code the data with categorical "dummy" variables (color deficient vs. color vision normals, stereo deficient vs. depth perceptive normals, ametropes vs. emetropes, etc.) were equally unsuccessful due to proportionally low numbers of subjects in the deficit categories.
A standard multiple regression was performed using the number of correct target identifications as the criterion variable and the four predictor variables; GEFT, CVI pretest, CVI posttest, and the FA composite scores. No cases had missing data. With the use of a p < 0.001 criterion for Mahalanobis distance, one multivariate outlier among the cases was found and deleted from the analysis. Table 4 Only three of the independent variables (IVs) significantly predicted the correct number of field identifications, GEFT (~8 = .02), inverse of the CVI pretest scores (s. classification actually improved to 78.85 percent (41/52), demonstrating a high degree of consistency in the classification scheme.
Discussion
TIPS was designed to determine the predictive value of selected subjective variables upon ground-to-ground tracked vehicle identification performance within an operational context and to provide a reliable and valid methodological approach for developing a partial selection model for the future selection of antitank gunner trainees. Using regression procedures, the large array of variables was reduced to three that were significant predictors of identification skills: pretest and posttest scores from classroom vehicle identification training and GEFT scores. A discriminant analysis demonstrated that these three scores can be used to classify 74.5 percent of the soldiers into good or poor target identification groups correctly. Results from a cross validation study indicated that this classification scheme was highly reliable.
Despite the apparent success of the selection model, we stress that this is only a partial and preliminary model. These subjects were tested under optimal conditions using stationary targets under excellent observation conditions. However, real battlefields involve highly mobile and destructive weaponry, violent combat, continuous maneuver, and decentralized command and control. Indeed, future warfare will have a degree of intensity, fluidity and lethality previously unknown. Antitank gunners typically will face combat scenarios involving high-speed, high-threat vehicles delivering both munitions and troops under night conditions. Most of these target identifications will be made under mesopic or scotopic light levels, along with other meteorologic conditions [e.g., fog, rain, haze, heat scintillation ("boiling"), etc.] that may exist on the battlefield, all which will degrade visibility to levels far below the criteria involved in this test. These factors must be seriously examined before determining a final selection model.
